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ABSTRACT 
The use of landscape tools in the study of seagrass meadows (seascapes) begins to be widely spread but still 
require the establishment of several basis, i.e. a patch type classification based on numerical characteristics. 
Thanks to the complex seascapes created by the Posidonia oceanica meadows, they appear to be suitable for a 
study at a patch type level (class), which bring a new insight of their arrangement at the whole seascape scale. By 
interpreting side scan sonar images from the Corsican coast (France) through a GIS software, it was possible to 
describe 11 types of patches and to evaluate their natural or anthropogenic origin. Comparison of different 
landscape metrics and wave exposure (Relative wave Exposure Index, REI) at the seascape and the patch level 
showed that the particularity of P. oceanica seascapes are mainly characterized by certain types of patches often 
of anthropogenic origin. Furthermore the REI seems not to be a relevant index for a study at a class scale. A 
bathymetrical succession of natural patches was outlined from the lower to the upper limit of the meadow, with a 
long-term dynamic opposed to a shorter one concerning anthropogenic patches. In order to assess the origin 
(natural or induced by human activities) of the patches in P. oceanica meadows, as well as in any other seagrass, 
a Patchiness Source Index (PaSI), ranging from 0 to 1, was defined. 
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1. Introduction 
Over the last three decades the interest in landscape ecology has grown and spread from land to marine 
ecosystems (Li and Mander, 2009; Sousa, 1984). A seascape can be defined as the varying arrangements of 
biotic structures with the resulting mosaic of marine habitat patches (Robbins and Bell, 1994). Thus, the study of 
their function and heterogeneity, including fragmentation and patchiness, should be called the Marine Space 
Ecology (Li and Mander, 2009). Fragmentation refers to a dynamic process which cannot be studied given a 
single temporal set of data (Boström et al., 2011). This term is often used in an erroneous way in place of 
patchiness which refers to a static state of a landscape. 
The Mediterranean meadows of the seagrass Posidonia oceanica (Linnaeus) Delile play an important ecological 
and economic role e.g., fish nursery, carbon sink, protection from coastal erosion (Boudouresque et al., 2012; 
Costanza et al., 1997; Ruiz et al., 2009; Vassallo et al., 2013). Generally dense and continuous in the coastal 
zone from the surface to 45 m depth (Molinier and Picard, 1952), they are nevertheless subject to fragmentation 
due to natural phenomena and human activities (e.g. coastal development, pollution, anchoring) (Ardizzone et 
al., 2006; Boudouresque et al., 2009). In order to assess the role played by the heterogeneity of seagrass 
meadows, a landscape approach should be used (Bell and Hicks, 1991; Gobert et al., 2014; Robbins and Bell, 
1994). 
Heterogeneity in the physical structure of a seagrass meadow plays a major role in its functioning (e.g. juvenile 
survival, species-lined settlement, colonization, predator movements) thanks to the size and the shape of the 
patches (Bell et al., 2001; Borg et al., 2006; Boström et al., 2006; Connolly and Hindell, 2006; Micheli and 
Peterson, 1999). The habitats created by a natural fragmentation are essential for several key species (Prado et 
al., 2009). 
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Between 1950 and 1990 many types of P. oceanica seascapes have been described (Boudouresque et al., 
2012,1990,1980a, 1985, 1980b; Clairefond and jeudy De Grissac, 1979; Molinier and Picard, 1952,1954; 
Pergent et al., 2007). These descriptions (Table A1) only refer to a visual aspect of the structures that forms P. 
oceanica and do not take into account those induced by human activities. Moreover, each of these structures was 
described by using scuba diving observations, large-scale tools with enough accuracy (e.g. side scan sonar) being 
not available at that time. 
P. oceanica meadows show natural forms of heterogeneity in their structure under the shape of sandy patches as 
well as "bare mat" (or "dead matte") areas. The term "matte" (or "mat") was originally used by French 
Mediterranean fishermen to refer to the complex structure formed by P. oceanica rhizomes, roots and sediments 
(Molinier and Picard, 1952). Sandy patches seem to be generated by the water movement as well as depend of 
the slope and the substrate of seagrass beds (Blanc and Jeudy De Grissac, 1984). These gaps are traditionally 
named "intermattes", literally translated "space between the matte". The designation "inter-matte" has been used 
for every type of sandy or bare mat patches while there are no discontinuities in the mat in the case of the latter. 
For this reason we will use hereafter the designation "patch" to refer to any type of discontinuity in a meadow. 
Moreover, this term is the one commonly used in landscape ecology. Other endings corresponding to "patch 
elements of one habitat within a matrix of another" (Boström et al., 2006) can be applied to seagrass seascapes 
like "sand holes" (Ginsburg, 1956), "blowouts" (Patriquin, 1975), "spaces" (Sousa, 1984), "halos" (Fonseca and 
Bell, 1998), "gaps" (Bell et al., 1999) or "corridors" (Micheli and Peterson, 1999). 
Bare mat areas can be natural or induced by human activities like the organic matter loads of fish farms (Pergent-
Martini et al., 2006), trawling (Kiparissis et al, 2011; Pergent et al., 2013), explosives (Meinesz and Lefèvre, 
1983), pollution (Pergent-Martini et al., 1995) or damages of boats anchoring (Montefalcone et al, 2006b). 
Several of these seascape parts of P. oceanica meadows are assumed as "dynamic" and appear to modify their 
shape and surface through time. Hereafter we define a "Posidonia oceanica seascape" as the set of the different 
habitats (i.e. types of patch) of natural and anthropogenic origin included in a meadow matrix. 
In the present study we focused on the spatial relationships among distinct elements (patches, matrix), an 
approach that is still seldom used. The major advances and steps in the study of seagrass seascapes through time 
are summarized in Fig. A1. Due to the complexity (Boudouresque et al., 2012) and the various types of habitats 
(Borg et al., 2006) encompass by P. oceanica meadows it appears to be possible to study their seascapes 
characteristics at the class patch type level (class). All the patches mentioned above can be identified with the 
use of side scan sonar (Bonacorsi et al., 2013; Leriche et al, 2006; Pasqualini et al., 1999) and from the resulting 
mapping many landscape indices may be computed by using software programs (Bell et al., 2006; McGarigal et 
al., 2014; Sleeman et al, 2005). Thus we (1) described natural and anthropogenic patches in several P. oceanica 
meadows; (2) established a nomenclature of these structures based on their origin, shape and surface; (3) 
investigated the relation between various types of patches and the P. oceanica seascapes observed using 
landscape metrics and we attempt to link it with the local water movement (Murphey and Fonseca, 1995); (4) 
finally we explored the possibility of using patches in seagrass meadows to assess the source of patchiness of P. 
oceanica seascapes. 
 
2. Material and methods 
2.1. Sites and data acquisition 
Data on P. oceanica meadows were acquired in Corsica (France) during the Cartham program in summer 2010 
on the West coast, and CoralCorse program in summer 2013 on the East coast (Fig. 1). Sonograms were obtained 
using a side scan sonar Klein 3000® and the SonarPro® software. This device sends a high frequency acoustic 
signal (500 kHz) reflected by the sea floor and received by the ship. The intensity of the signal sent back allows 
the determination of the bottom nature. The data acquired were processed with the Caraibes 3.8® software 
program (georeferencing, optimization of the quality of sonograms). A mosaic of merged sonar images 
(resolution of 0.5 m) was developed. 
From these georeferenced sonograms, five sites within continuous P. oceanica meadows and corresponding to as 
many types of P. oceanica seascapes as possible were selected along the coastline. Furthermore, one of the main 
selection criterion was the presence of possible traces of human impacts. Three sites were chosen on the East 
Published in: Ecological Indicators (2015), vol. 57, pp. 435-446 
Status: Postprint (Author’s version) 
coast (South of Macinaggio, the open sea in front of Biguglia and Urbinu lagoons) and two on the West coast 
(Calvi Bay and the Gulf of Ajaccio) (Fig. 1). 
2.2.   GIS processes 
When clearly identified, the limits of sandy and bare mat patches in P. oceanica meadows were drawn in the GIS 
software. Their origin was estimated by looking for the presence of human activities in the neighborhood of the 
patches. Only patches detectable and recognizable with the sonar resolution are taken into account, that is to say 
those having an area greater than 1 m2. Thanks to this resolution it is thus possible to take into account the 
smallest patches. The GIS files were finally transformed into rasters (GeoTIFF grid) and analyzed through the 
computer program FRAGSTATS version 4.2 to obtain landscape indices. 
2.3.   FRAGSTATS analysis 
The FRAGSTATS software, first developed by McGarigal and Marks (1995), allows the calculation and the 
analysis of various seascapes metrics at three scales: the patch, the type of patch (class) and the entire seascape. 
In the present study only the patch class and the entire seacape are investigated. No metric was calculated at the 
patch level. The analysis was performed using an eight cells neighborhood rule coupled with no specific 
sampling strategy to consider the whole part of meadow selected. Following the recommendations of Sleeman et 
al. (2005), seven metrics were chosen for the analysis of the seascapes patchiness: the mean patch area (AREA), 
the mean radius of gyration (GYRATE_MN), the area-weighted radius of gyration (GYRATE_AM), the 
coefficient of variation of the Euclidean nearest-neighbor distance (ENN_CV), the area-weighted perimeter-area 
ratio (PARA_AM), the landscape division index (DIVISION) and the number of patches (NP) (Table A2). The 
same metrics were chosen for the patch type (class). At the seascape level the patch density (PD) was also 
calculated. 
2.4.   REI calculation 
In an effort to link the erosive structures observed and the landscape metrics measured with the local water 
movement, we investigated the exposure of the sites to different wind conditions by using the Relative wave 
Exposure Index (REI) developed by Keddy (1982) and modified by Murphey and Fonseca (1995): 
 
where i = 1 to 8 corresponding to cardinal points in 45° increments (N=1, NE = 2, etc.), V=mean monthly mean 
wind speed (ms-1), P= rate of wind direction occurrence and F= effective fetch (km) or the distance from the site 
to the land computed through the 8 compass headings. Daily wind direction and speed were obtained from 
forecast stations at a distance of 4,13, 6, 35 and 12 km respectively for the sites of Calvi, Macinaggio, Biguglia, 
Urbinu, and Ajaccio. Due to the availability of meteorological data for all sites only for the year 2011, V and P 
were computed for this single year. Fetch was calculated using the method of Fonseca and Bell (1998) by using 
ArcGIS®. 
2.5.   Statistical analysis 
Two principal component analysis (PCA), one for each scale of study (class and seascape), were performed 
using R version 3 software. The landscapes indices and the REI values were computed to assess the difference of 
seascape characterization according to the spatial degree of consideration. The variable loadings were checked to 
make sure that the indices chosen were significantly informative about the P. oceanica seascape structure at both 
landscape and class level. 
2.6.   Patchiness Source Index (PaSI) calculation 
In order to assess the main origin (natural or anthropogenic) of the patchiness observe in P. oceanica seascapes, 
we defined a Patchiness Source Index (PaSI) for a given area by computing surfaces of the different structures 
identified. The PaSI is based on the model of the Conservation Index (CI) developed by Moreno et al. (2001 ): 
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PaSI = SNP/(SNP + SAP) 
where SNP = percentage of the surface covered by the different types of natural patches (m2) and SAP = percentage 
of the surface covered by different types of anthropogenic patches (m2). The PaSI ranges from 0 to 1 and has no 
unit. A value tending to 0 reflects a meadow patchiness mainly due to human activities. On the other hand, a 
value near 1 should reflect a natural patchiness. PaSI values are classified using five categories and a color code 
(Table 1). 
Fig. 1. location along the Corsican coast of the sites considered in this study. 
 
 
Table 1 : Color code corresponding to the different values of the Patchiness Source Index (PaSI). 
PaSI Value Description Color 
0.801 -1 High natural influence on the meadow 
patchiness  
0.601 - 0.800 Major natural influence on the meadow 
patchiness 
 
0.401 - 0.600 Moderate anthropogenic influence on the 
meadow patchiness  
0.201 - 0.400 Major anthropogenic influence on the 
meadow patchiness 
 




3.1. Patches characteristics 
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The meadow of the South of Macinaggio shows bomb craters and natural sandy patches (Fig. 2a). In front of 
Biguglia lagoon the meadow is covered by trawling tracks, large marks made by tankers anchors and chains as 
well as several sandy natural patches (Fig. 2b). Many sandy corridors and ovoid patches of various sizes are 
observed in front of Urbinu lagoon (Fig. 2c). The meadow chosen in Calvi Bay shows various types of patches 
like anchoring tracks, fish farm impact, bare mat patches and other natural structures (Fig. 2d). Finally, a high 
patchiness near the fish farm is observed on the meadow selected in the Gulf of Ajaccio (Fig. 2e). 
The analysis of the sonograms allowed the detection of 11 different types of patches in the meadows (Table 2). 
Five were likely to be of natural origins whereas five were induced by human activities. The origin of bare mat 
patches was hard or even impossible to be determined with the sonar images alone. 
The shape of natural patches showed a bathymetric zonation. Thus, sand corridors (SC) were observed from 10 
m to 20 m depth, small sand patches (SSP) at the same depth, large sand patches (LSP) and colonized patches 
(CP) from 15 to 25 m while ovoid patches (OP) were encountered between 15 m and the lower limit of the 
meadow (Table 2). This particular zonation was mainly observed on the sonograms of Biguglia, Urbinu and 
Calvi. All the natural patches presented various sizes, their surface ranging from 1 m2 to 25,544 m2 (Fig. 3). 
The natural and anthropogenic bare mat patches presented various sizes and shapes so their sonar images can be 
very similar (Table 2). Due to their size and shape that greatly depended of the human activities involved in their 
creation, the anthropogenic patches were quiet easy to identify. The narrowest ones were the trawling tracks and 
the anchoring tracks (from 0.5 m to 4.0 m large) which were also the longest i.e. up to 1800 m for the trawling 
tracks and 230 m long for the anchoring tracks (Table 2). Patches generated by the anchoring of cruise ships 
and/or tankers reached a surface of 1254 m2 with a characteristic "funnel" shape. The biggest surfaces were 
observed at the level of the bomb impacts (57,686 m2) and of the patches generated by the fish farms (more than 
100,000 m2 for a single patch) (Fig. 3). Generally speaking, bare mats cover a small part of the P. oceanica 
seascapes studied, that is to say a mean coverage of 1.4% (SE ± 1.7%). 
3.2. Seascapes features 
At a seascape level, the different sites showed great variations in their landscape indices and REI values leading 
to various P. oceanica seascapes (Table 3). The number of patches (NP), ranges from 66 in the South of 
Macinaggio to 1473 in Urbinu. Concerning the patch density (PD) the site of Biguglia looked as the patchiest 
(291.5 patches m-2) whereas the South of Macinaggio was the lesser one (12.5 patches m-2) (Table 3). The mean 
size of patches (AREA_MN) reached its highest value in the South of Macinaggio (80,160 m2) and its lowest in 
Calvi (4186 m2). The mean distance of patches gravity center from their border (GYRATE_MN) showed high 
variations too, from 33.34 m in the South of Macinaggio to 3.98 in Urbinu. By taking into account their area 
with the area-weighted radius of gyration (GYRATE_AM), its values greatly increased, from 1056.50 m in the 
South of Macinaggio to 510 in Calvi. It means that in a landscape-centric perspective the necessary distance to 
reach the edge of a patch will grow longer respectively for Calvi, Urbinu, Ajaccio, Biguglia and the South of 
Macinaggio. A high coefficient of variation (ENN_CV) of the mean distance between each patch for each site 
was observed, describing a high spatial heterogeneity in patch arrangements for all sites (Table 3). The 
Landscape Division Index (DIVISION) values reflect low divided meadows for the sites of Calvi, the South of 
Macinaggio and Biguglia whereas the sites of Ajaccio and Urbinu are more fractionated. The exposition of the 
sites to wave action illustrated by the REI showed contrasted values that discriminate the sites in three groups. 
Ajaccio was relatively not exposed (253) whereas Calvi (1855) and Urbinu (3239) were well exposed to wave 
action, when Biguglia (11,038) and the South of Macinaggio (15,161) are very exposed (Table 3). Using the 
PaSI on the sites studied, it ranked 0.412 for Ajaccio, 0.350 for Calvi, 0.547 for the South of Macinaggio, 0.591 
for Biguglia and 1 for Urbinu, revealing contrasted sources of patchiness (Table 3). 
3.3. Seascape versus class scale 
The analysis through PCA of the metrics at the scale of the landscape and the patch type presented contrasted 
results. The five sites appeared to be well discriminated (Fig. 4) but these differences are mainly due to the 
landscape characteristics of a small number of patch type (Fig. 5). Thus this phenomena was partly driven by the 
small sand patches and the trawling tracks in Biguglia (SSP_BIG and TT_BIG), the anchoring patch in Calvi 
(AP_CAL), the fish farm patches and the anchoring tracks in Ajaccio (FFP_AJA and AT_AJA), the bomb 
impact in the South of Macinaggio (BLMAC) and the small sand patches in Urbinu (SSPJJRB) (Fig. 5). The 
large sand patches of Urbinu, South Macinaggio and Biguglia (respectively LSP.urb, LSP_MAC and LSP_BIG) 
form a group discriminated from the other patches because of their large surface (AREA_MN) and their 
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elongated shape (GYRATE.MN) (Fig. 5). 
At the landscape scale the cumulative percentage of variance was almost 90% for the two axes. The variable 
loadings obtained from the PCA of the landscape metrics were high (>0.3 or < -0.3), except for the division 
index (DIVISION). This result indicates that the metrics selected were relevant to describe the patchiness of the 
landscape (Table 4). A different assessment was made concerning the variable loadings from the class level 
analysis. The two axis cumulated only 63% of the percentage of variance and the REI appears not to be relevant 
for a study at a patch type scale (Table 4). 
 
Fig. 2. Examples of sonar interpretation of patches inside P. oceanica meadows for each site considered (a) 
South Macinaggio, (b) Biguglia, (c) Urbinu, (d) Calvi and (e) Ajaccio. 
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Table 2: Description of the different types of patches identified inside Posidonia oceanica meadows during 
this study. 
Sonogram Designation Description 
 
Ovoid patch (OP) Ovoid shape with a length ranging from 20 to 60 m 
and a width from 15 to 30 m. Parallel to the coast. 
Observed from the lower limit of the meadow to 20 
m deep. Most probably generated by the water 
movement 
 
Colonized patch (CP) Ovoid shape with a triangle-like part recolonized by 
the meadow with a length ranging from 20 to 170 
and a width from 15 to 65 m. Parallel to the coast. 
Observed from 15 to 25 m deep. Most probably 
generated by the water movement 
 
Large sand patch (LSP) Banana shape with a length ranging from 70 to 500 
m and a width from 30 to 50 m. Parallel to the coast. 
Observed from 20 to 15 m deep. Most probably 
generated by the water movement 
 
Small sand patch (SSP) Small round craters with a width ranging from 1.5 
to 6 m) that can link themselves and form narrow 
corridors. Mainly observed near larger patches like 
large sand patches or sand corridors from 20 to 10 
m deep. Most probably generated by the water 
movement 
 
Sand corridor (SC) Channel shape with a length ranging from 10 to 350 
m and a width from 2 to 20 m. Parallel to the coast. 
Observed from 20 to 10 m deep. Most probably 
generated by the water movement 
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Table 2 (Continued) 
Sonogram Designation Description 
 
Bare mat (BM) Mainly observed nearby the lower limit of the 
meadow but also frequently observed at lower 
depths. Patches of bare mat have irregular shapes 
and sizes. Certainly generated by winter storms and 
also by human activities. Possible confusion 
between the natural and the anthropogenic origins 
 
Trawling tracks (TT) Long (100 m-1 km) and narrow (2-4 m) corridors 
generated by trawling in the meadow. Observed 
from 2 m to the lower limit of the meadows 
 
Anchoring patch (AP) Funnel shape with a length ranging from 60 to 120 
m. Parallel to the coast line certainly due to the main 
wind orientation. Observed from 20 to more than 30 
m deep. Generated by the anchoring of cruise ships. 
 
Anchoring tracks (AT) Corridors similar to trawling tracks but shorter (less 
than 250 m) and narrower (less than 2 m). Generated 
by both cruise ships and smaller leisure boats. 
Observed from 10 m to 35 m. 
 
Bomb impact (BI) Circular patch generated by the impact of bombs 
mainly during the World War 2 or more recently by 
mines and explosive fishing. Their diameter ranges 
from several decameter to 250 m. Observed at all 
depths in the meadows 
 
Fish farm patch (FFP) Bare mat patches nearby a fish farm generated by 
the shadow of the cages and the increase of the 
organic matter load. The acoustic image of the cages 
is visible. The extent of the patches varies according 
to the number of cages and their size. Generally it 
occurs at a depth ranging from 15 to 25 m 
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Fig. 3. Box plot representation of the surface areas of patches observed on all sites according to their type. The 
area is expressed through a logarithm scale. Black bars represent minimum and maximum patch areas. OP: ovoid 
patch; CP: colonized patch; LSP: large sand patch; SSP: small sand patch; SC: sand corridor; TT: trawling 
tracks; AP: anchoring patch; AT: anchoring tracks; BI: bomb impact; FFP: fish farm patch; BM: bare mat. 
 
 
Table 3: Surface of the area and the Posidonia oceanica meadows, landscape indices, REI and PaSI values for 
the five sites studied. 
Site Metric scale Ajaccio Calvi South 
Macinaggio 
Biguglia Urbinu 
Surface of the area studied (km2) Seascape 2.451 1.858 3.583 4.423 2.129 
Total meadow surface (km2) Seascape 2.201 1.765 3.394 4.167 1.849 
Number of patches (NP) Class and seascape 98 444 66 1290 1473 
Mean patch area (AREA_MN) 
(m2) 
Class and seascape 24995 4186 80160 5875 13744 
Patch density (PD) (patches.km-
2) 
Seascape 40.0 238.9 12.5 291.5 72.8 
Mean radius of gyration 
(GYRATE_MN) (m) 
Class and seascape 18.73 9.22 33.34 8.27 3.98 
Area-weighted radius of 
gyration (GYRATE_AM) (m) 
Class and seascape 663.43 510.15 1056.50 871.99 522.05 
Coefficient of variation of the 
Euclidean nearest-neighbor 
distance (ENN_CV) (%) 
Class and seascape 203.35 213.37 253.24 383.51 291.19 
Area-weighted perimeter-area 
ratio (PARA_AM) 
Class and seascape 180 578 108 809 470 
Landscape Division Index 
(DIVISION) 
Class and seascape 0.185 0.0978 0.1019 0.1222 0.2524 
REI Class and seascape 253 1855 15161 11038 3239 
PaSI Seascape      
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4. Discussion 
4.1. From natural to anthropogenic Posidonia oceanica seascapes 
This paper used side scan sonar images and cartographies of seagrass meadows in order to describe and establish 
a new nomenclature for P. oceanica patches and to perform an analysis of their characteristics at the large spatial 
scale of the seascape. 
The first identifications and classifications of P. oceanica meadows were based on the observation of isolated 
patches at a small scale (Boudouresque and Meinesz, 1982; Molinier and Picard, 1952).This fact can be 
explained by the use of scuba diving prospections. Furthermore, anthropogenic patches were not considered as a 
component of the P. oceanica seascapes, only natural assemblages being described. Thus, the patches generated 
by human activities were studied independently. Our study demonstrated that nowadays certain P. oceanica 
seascapes are mainly characterized by some types of patches that can be of anthropogenic origin. That is why we 
advise to use a new nomenclature that define precisely each type of patch. The next step was the study of their 
relation to assess the P. oceanica seascapes structure. The patches attributes allow to infer on their possible 
origin. 
Among the 11 types of patches, the five natural ones appear to be linked through their shape, size and 
bathymetric zonation (Fig. A2). The water movement should play an important role and this is true even at the 
level of the lower limit (Pergent et al., 2014; Vacchi et al., 2012). This hypothesis is supported by the fact that 
the majority of natural patches encompass a matt cliff facing the shore eroded by the water movement induced 
by wave action, and a part facing the lower limit recolonized by the surrounding meadow (Blanc and Jeudy De 
Grissac, 1984; Boudouresque et al., 2012, 1980b). Thus a scenario of the structures succession may be envisaged 
from the lower to the upper limit of the meadow and/or according to water movement intensity. Given the slow 
growth rate of P. oceanica rhizomes (Di Maida et al, 2013; Gobert et al, 2006), these various types of patches 
would appear almost motionless at human time scale so the seascapes they form appear not to change. This 
pattern is in opposition with other seagrass meadows which show seasonal appearances and disappearances of 
gaps (Bell et al., 1999; Patriquin, 1975). 
Conversely, patches generated by anthropogenic activities (trawling, anchoring, bombs, fish farms) modify more 
rapidly their size and shape through the processes of recolonization or erosion (Francour et al., 1999; Kiparissis 
et al., 2011; Meinesz and Lefèvre, 1983 ; Pergent-Martini et al., 2006). The natural and anthropogenic patches 
can be found at the same sites (Calvi, Biguglia) within a short range distance and often interact. For instance, the 
trawling tracks (TT) going through the matt cliff of ovoid (OP) and colonized patches (CP) at Biguglia should 
accelerate the erosion and create a corridor in the recolonized part, thus modifying the substrate nature and the 
faunal communities (Sanchez-Jerez and Ramos Esplá, 1996). 
Considering the bare mat (BM) areas it is hard to settle their origin (Moreno et al, 2001) using their shape and 
size only. However it is possible to determine it according to their location, like the anthropogenic ones near a 
sewage dredging (Pergent-Martini et al., 1995). 
4.2.   Metrics relevance 
The landscapes indices advised by Sleeman et al. (2005) to investigate the patchiness of seagrass meadows look 
as being relevant in the study of the patches arrangement in P. oceanica meadows except for the division index 
(DIVISION). Thus, even if DIVISION loadings are strong (>0.3 or <-0.3) at the patch type level (Table 4), this 
metric does not vary enough in this study to describe patch class impact. This aspect is explained by its 
definition and the parameters this index encompasses (Table A2). 
The Relative wave Exposure Index (REI) seems not informative enough at the scale of the type of patches. It 
does not encompass in its computation the depth (Infantes et al., 2009), a very important factor in the case of the 
seagrasses (Sundblad et al., 2014; van Katwijk and Hermus, 2000). It is nevertheless interesting to notice that the 
bathymétrie succession of natural structures was mainly observed in sites were the REI was high, i.e. Biguglia, 
Urbinu and Calvi. Water movement being one of the main driver of fragmentation in seagrass meadows (Koch et 
al, 2006), more sensitive tools with the same easiness of use than the REI must be developed. 
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Fig. 4. Biplot of the principal components analysis (PCA) showing variations in landscape characteristics for the 
five sites studied according to the metrics selected (red lines). The percentage reflects the proportion of variance 
expressed by each axe. Ajaccio: ; Calvi: ; the South of Macinaggio: ; Biguglia:+; Urbinu:  
 
 
Fig. 5. Biplot of the principal components analysis (PCA) of the metrics selected at the class level for the five 
sites studied. The percentage reflects the proportion of variance expressed by each axe. ap: anchoring patches: at: 
anchoring tracks: bi: bomb impact: ffp: fish farm patches: ssp: small sand patches: tt: trawling tracks: lsp: large 
sand patches: cal: Calvi (∆): mac: the South of Macinaggio ( ); big: Biguglia (+); aja: Ajaccio ( ); urb: Urbinu 
( ). 
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Table 4: principal components analysis (PCA) eigenvalues and variable loadings for the selected indices at the 
landscape and the patch type scale. Variables in bold are considered strong (>0.3 or <-0.3). 
 Axis 1 Axis 2 
Seascape level 
Eigenvalues 4.77 1.81 
Percentage of variance 59.65 22.67 
Cumulative percentage of variance 59.65 82.32 
Variable loadings 
NP 0.38 0.32 
AREA_MN -0.45 0.00 
GYRATE_MN -0.46 0.00 
GYRATE_AM -0.35 0.41 
PARA_AM 0.41 0.24 
ENN_CV 0.17 0.59 
DIVISION 0.25 -0.18 
REI -0.25 0.53 
 
Class level 
Eigenvalues 8.50 6.32 
Percentage of variance 35.65 25.93 
Cumulative percentage of variance 35.65 61.58 
Variable loadings 
NP -0.30 -0.36 
AREA_MN 0.48 -0.15 
GYRATE_MN 0.50 -0.12 
GYRATE_AM 0.37 -0.49 
PARA_AM -0.40 -0.42 
ENN_CV -0.20 -0.56 
DIVISION -0.25 0.32 
REI 0.19 0.02 
 
4.3.   The Patchiness Source Index (PaSI) 
The list of patches used to calculate the Patchiness Source Index (PaSI) is not exhaustive and can be modified 
according to the area studied. The bare mats ought to be associated with the natural or anthropogenic patches 
when their origin can be determined. In practical view, maps used for the calculation of the PaSI require more 
time of treatment because of the need of identifying at least the origin of each patch. This is why this index is 
more suitable for a use at a lesser or the same scale than in the present study i.e. on an area of several km2. 
Although describing one aspect of the patchiness in P. oceanica meadows, this index does not make any 
assessment of its degree, other metrics being already available for this task (Montefalcone et al., 2006a, 2010; 
Moreno et al., 2001). It does not reflect the intensity of the human impact neither. Finally, this index may also be 
applied on other seagrass meadows presenting both natural and anthropogenic patches. 
5. Conclusion 
The high resolution of side scan sonar images allows to study patches nature in P. oceanica meadows at a large 
scale and to investigate seascapes features. The different types of patches making up the meadows ought to lead 
to different P. oceanica seascapes according to their shape and their arrangement between one another. Their 
classification in accordance with landscape metrics leads to the assessment of the main origin (natural or 
anthropogenic) of the meadow patchiness for a given site. Patches should evolve at various speeds according to 
their origin, class and the impact of human activities. They are thus an important component in the functioning 
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of the ecosystem based on P. oceanica meadows providing a wide variety of habitats. This approach, the 
examination of the seascapes structure, is only the first part of a study in the field of landscape ecology which 
also takes an interest in the function and the changes (Sleeman et al, 2005; Turner, 1989). 
The fragmentation (the evolution of patchiness) of the meadows leading to contrasted and complex P. oceanica 
seascapes takes place through several mechanisms and spatial scales. A natural long term process induced by 
water movement (Boudouresque et al., 2012; Vacchi et al., 2012) is thus opposed to an anthropogenic shorter 
one (Ardizzone et al., 2006). The anthropogenic process show also different rates of fragmentation according to 
the type of impact, e.g. physical damages (anchoring, trawling) fragment the meadow more quickly than 
pollution. Nevertheless this establishment should be modified in a near future. In the case of the natural patches, 
global climate changes and the increase of extreme events like storms could boost the erosion of the meadows 
(Pergent et al., 2014). That is why a better understanding at a small scale of the natural patches dynamic (e.g. 
chemical processes in sediments, rate of erosion/recolonization) could bring a new light on the evolution of P. 
oceanica seascapes. Likewise, seascapes characteristics should be encompassed in indices that aim to assess the 
quality of the environment, these metrics being now interested in the whole functioning of the ecosystem based 
on P. oceanica meadows (Personnic et al., 2014). 
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Appendix A. 
Fig. A1. Major steps in the study of seagrasses and P. oceanica seascapes from 1950 to present days. [1] 
Molinierand Picard (1952); [2] Losos and Ricklefs(2010); [3] Patriquin (1975); [4] Cristiani (1980); [5] Keddy 
(1982); [6] synthesis in Boudouresque et al. (2012); [7] Forman and Godron (1986); [8] Turner (1989); [9] Bell 
and Hicks (1991); [10] Robbins and Bell (1994); [11] Paillard et al. (1993); [12] McGarigal and Marks (1995); 
[13] Murphey and Fonseca(1995); [14] Pasqualini et al. (1999); [15] Ardizzone et al. (2006); [16] Bell et al. 
(2006); [17] Boström et al. (2011). 
 
Fig. A2. Diagram of the bathymetric zonation of the different natural patches. 
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Table A1: Characteristics of the different types of Posidonia oceanica meadows described in the past and their 
designation. 
Designation Description Reference 
Barrier reef Formation of a barrier due to the vertical growth of P. oceanica 
rhizomes at shallow depth. Creation of a lagoon on the shore side of 
the barrier 
Molinier and Picard (1952) 
Erosive intermatte Sand holes with an ellipsoid shape in a continuous meadow Molinier and Picard (1952) 
Hill meadow Top erosion by hydrodynamism of a group of P. oceanica cuttings 
surrounded by sand 
Boudouresque et al. (1985) 
Macro-atolls Circular patches (>20 m in diameter) of P. oceanica at a shallow 
depth seprated by sand 
Pergent et al. (2007) 
Micro-atolls Circular patches of P. oceanica (flew meters in diameter) at a shallow 
depth seprated by sand 
Boudouresque et al. (1990) 
Plain meadow Continuous, horizontal or gently sloping meadow, broken by erosive 
structures 
Boudouresque et al. 
(1980a,b) 
Return river Under a particular orientation of the wind to the coast, channels 




Shifting intermatte Long and narrow corridors parallel to the shore Boudouresque et al. 
(1980a,b) 
Striped meadow Strips of P. oceanica separated by bare mat Boudouresque et al. (1990) 
Structural intermatte Small (several dozen of centimeters long) natural patches of bare mat 
in a continuous meadow 
Boudouresque et al. (2012) 
Sugar loaf meadow Mounts of mat with living P. oceanica on the top Molinier and Picard (1954) 
Tiered meadow Steps-like patches of P. oceanica seperated by bare mat following a 
soft bottom slope 
Boudouresque et al. (2012) 
Undulating meadow Repeated sequences of patches of bare mat in a continuous meadow Clairefond and Jeudy De 
Grissac (1979) 
 
Table A2: The seven landscape metrics recommended by Sleeman et al. (2005) and their abbreviation in 
FRAGSTATS. 
Metric name FRAGSTATS 
abbreviation 
Equation Unit 
Number of patches NP - None 
Mean patch area AREA_MN - m2 
Mean radius of gyration GYRATE_MN 
 
m 
Area-weighted radius of 
gyration 
GYRATE_AM m 











Landscape division Index DIVISION 
 
None 
Patch density PD - None 
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